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Qualitative comparison of Benchtop (415KeV) and Synchrotron (215KeV) X-rays and 800 
MeV protons for tomography of 5mm diameter Urania cylinders 

M. A. M. Bourke, D. W. Brown, D. D. Byler, C. Chen, J. F. Hunter, J. Kropf, F.G. Mariam, C. 
Morris, A. Saunders 

Two surrogate nuclear fuel types were examined with three radiographic probes. The samples 
were rods (a few cm long) of urania and thoria-ceria that were 5mm and lOmm in diameter 
respectively. Spatial and density heterogeneities were introduced with inclusions during 
sintering and by altering the sintering conditions during powder consolidation. Three 
radiographic tools were used; benchtop (425 KeV) X-rays, synchrotron (225KeV) X-rays and 
800 MeV protons. Tomographic reconstructions were produced. The spatial and density 
resolutions achieved with the different techniques are compared as well as the potential for their 
improvement. The potential application of the different techniques to highly radioactive samples 
will also be considered. 



:,4 • '. _,.. .. • ' to .. .. _ ' .;; j • w ~ .. ;; • ' , 

X-rays and 800 MeV protons for tomography of 5mm diameter Urania 
cylinders 

M. Bourke, J. F. Hunter, D. Brown 

Sample preparation D. Byler U02 C.F. Chen (Thoria - Ceria) 

LANL I Benchtop J.F. Hunter, D. Brown 

LANL I PRAd measurements G. Hogan , K. Kwiatkowski, F. G. Mariam, F. Merrill, C. 
L. Morris, and A Saunders 

APS for SXR measurements Jeff Terry, Jeremy Kropf, Dan Olive 
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Materials Modeling and Simulation capabilities are critical to 
addressing challenge problems 
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Creep of ClIZn 

440mins 

·:·Assess materials performance under conditions of higher 
burnup, higher temperature, and higher cladding dose 

·:·Optimize design of new materials Diameter is Imm, - l~lIn resolution, minutes 

MTS will be a fast spectrum fuel and materials 
irradiation testing facility 
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1) Finite element 
predictionsofstress In 
claddinla re predicated on 
assu mptions about 
temperature distributions 
in thefuel, swelling and 
deformation mechanisms in 
the cladding 

2) Fuel perlormanceis 
controlled by oxidation, 
corrosion, fuel clad 
Interactions, localized 
meltin" restructurinl and 
chemistry. 
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Increasing X-Ray Energy Allows Penetration of Even U02 
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Variable Density 

% Max theoretical 
density 

%T 
D 
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Sample to Detector 
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BENCH TOP X-Ray 

-2m 

-2 m 

-130 ~m 

Phillips 450 adjustable tube 

2mm Sn, 0 .5mm Cu 

20 Avg, 0.5fps, 150 views 

Tapered tungsten Collimator 

against tube coffin + rectangular 
leaf collimator 11 inches from 

the part . 

-1mm 

Protons 

SOOMeV 

-Sm 

- "25 ~m" with X3 mag. 
( -70 ~m ) 

LANSCE 

Synchrotron X-Ray 

215 KeV 

- 27 m 

-6 ~m 

ID-10Advanced Photon 
Source 

0.8mm AI, 0.83mm Cu, 2.0mm 
Sn, 0 .4mm Ta , 4 .8mm Pb 

Cadmium tungstate detector 
5 1004 photons/ s / 4pi _ .. _~'S 
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Fi,ure17-Companson betvnen slices with the 4SOkeV (bottom) and APS 4x4binned dat •• Note that the thicknus of the 
slices means the Urania piece Is visible In both 450 keY slices white It Is no lonler visible in the thinner APS dat •• 
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450 2 I 571 - 068 I 94% to 48% 

Figure - Color coded cross-section of pellet-2. Density 
progresses as blue (lowest density) -> red -> green -> 
magenta (highest density) . 
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PRAD Density estimates 

Table 3 - Density and measured attenuation for Pin 
2 pellets 

U02-2 

I I~ rc~ I 094 9002181 9822 
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94% 

(radiograph?) 

Density Attenuat ion 

Pe llet 1 94.18 1.256 

Pellet 2 92.12 1.244 

Pellet 3 88.83 1.2282 

Pellet 4 78.23 1.1156 

Pellet S 48.56 0.7668 

/ 

,.~,-7.~~~~~~~~ 
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Filure • Plot of attenuation vs. density for pin 2. 
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Line Voids 

450 KeV 3 1 78 1 Voids 
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slice280 (z=1 .65 mm) 

slice270 (z=1 .15 mm) 

slice260 (z=O.65 mm) 

slice250 (Z=O.15 mm) 

l"Ia:un' - Transpartnt lU rt'ndHin:l,) lir pin 7J ~i'h onl~ fJ:1I 'hd 
't'i:nlfn'loshO\\II. Ret! h 10" lIlt4'nUlultlll, blu~ i:. medium 
~U4'"u~til»'. J,!r4'tn I~ hi~h IIl1rnll:uioD Ilnd Ihe finallmlll:II' _lIn"_ 
Ihe Ihrtl' tOUlhin.,d. 

figure - Reconstruction of approximately· the same slice with 2x2 
binnln, (11.69110) APS system and 450keV (127101) LANL system. Note that 
Ime,es ar. retated -110 de"ees rel.t;ve to each other •• ApprOlClmate 
because the APS slke if; more than a factor 10 thlnne,. 

Prad 31 78 1 Voids ? 
SXr 215 KeV 3 1 78 1 Void 
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Figure - Side by side comparison of full resolution (5.8451-1) and 2x2 
(11.691-1) reconstructions in sample 78. Although slightly noisier the 
full resolution image is notably sharper. 
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• Field of View (PRad cf SXR cf Bremh) 

• Detector resolution 

• Radiation sensitivity 

• Viability on Thicker specimens 

• Optimal energy 
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• Smallest features seen here approx 5 um 

• Density determination by PRAd was within 1 % 

• SXR demonstrated best resolution 

• All three techniques would benefit from improved 
detectors 

• Field of view was largest for PRAd 

• All measurements completed in less than a few 
minutes 

• View through cladding not a problem 
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